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The complex problem of when and how galaxies formed has not until recently been sus-
ceptible of direct attack. It has been known for some time that the excessive number of blue
galaxies counted at faint magnitudeskron,koo,tyson,lcg,metcalfe95 implies that a considerable
fraction of the massive star formation in the universe occurred at z < 3cowie88,songaila90,
but, surprisingly, spectroscopic studiesbroad88,colless90,csh,glaze95 of galaxies down to a B
(blue) magnitude of 24 found little sign of the expected high-z progenitors of current massive
galaxies, but rather, in large part, small blue galaxies at modest redshifts (z  0.3). This unex-
pected population has diverted attention from the possibility that early massive star-forming
galaxies might also be found in the faint blue excess. From our rst spectroscopic observations
deep enough to encompass a large population of z > 1 eld galaxies, we can now show directly
that in fact these forming galaxies are present in substantial numbers at B  24, and that the
era from redshifts 1 to 2 was clearly a major period of galaxy formation. These z > 1 galaxies
have very unusual morphologies.
The recent availability of the highly sensitive multi-object Low Resolution Imaging Spectrograph (LRIS)
on the Keck 10 m telescope on Mauna Kea, Hawaii has allowed us to extend and deepen quite considerably
our spectroscopic coverage of the faint sky, and we are currently carrying out a redshift survey of faint
galaxies using this instrument. The sample will consist of all objects satisfying the conditions K < 20 or
I < 22:5 or B < 24:5 in four 60  20 elds; so far, the most complete are those surrounding the Hawaii deep
eld SSA13lcg,paper1 in which 147 of the 174 objects have been observed and 124 of these securely identied,
and around SSA22, with 186 of the 193 objects observed and 157 identied. In all, ninety-one galaxies lying
beyond z = 0:7 and forty beyond z = 1 have been identied in these two elds, with the highest redshift
being z = 1:69. We show (Fig. 1) representative spectra of four galaxies at z > 1. Only three of the z > 0:7
sample are galaxies with active nuclei (AGN). Most of the high redshift identications are based on the
presence of a strong [O ii] 3727 A emission line (a nebular emission line of singly ionized oxygen) and weak
Mg ii 2800 A absorptionglaze95. The general form of the spectra is illustrated in more detail in Fig. 2, which
is the average of all the z > 0:7 spectra in SSA13, excluding only the AGN. The composite spectrum closely
resembles that of local blue galaxiesrosa,lamb,york with very strong [O ii] 3727, H and [O iii] 5007, 4959
emission lines in the optical, and UV absorption lines of Fe ii, Mn ii and Mg ii that conrm the [O ii] redshift
identication. These absorption lines in the composite spectrum are redshifted by an average of 300 km s−1
from the emission lines, and may arise from gas infalling into the galaxy.
The [O ii] 3727 emission lines in the high-redshift objects are remarkably strong (rest equivalent width
of 60 A in the composite spectrum) given that these are luminous galaxies with absolute rest B magni-
tudes of about −21 for H0=50 km s
−1 Mpc−1 and q0=0.5. The [O ii] luminosities (L[O II]) of the individ-
ual galaxies in the two elds are shown in Fig. 3(a), and we have also shown as crosses the [O ii] lumi-
nosities for the Hawaii K  19 sample.paper3 At low redshift (z < 0:7) there are no galaxies in either
sample with L[O II] > 10
42 ergs s−1 while at z > 0:7 there are 27 objects identied in these two elds.
It is important to note that it is much easier to recognize and measure redshifts for objects with strong
[O ii] andtheremaybez>1objectswithlower[O ii] luminositieshiddenintheunidentifiedobjects:Theremayalsobeadditionalobje
forminggalaxies:
To quantify this we must translate the [O ii] luminosities into galaxy formation rates. This is discussed
by Gallagher et al.gallagher and by Kennicuttkenn, who point out that the [O ii] line, though a more indirect
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calibrator than the unobserved H, does provide a useful estimate of the star formation rate, expressed in
solar masses (M) per year as: equation _M (M yr
−1) = 10−41  L[O II] (ergs s
−1):
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